Objective: In 2011, the Accreditation Council on Graduate Medical Education (ACGME) redefined resident duty hour requirements by reducing in-hospital duty hour requirements for residents in an effort to improve patient care, resident wellbeing, and resident education. We sought to determine the cost of adoption based on changes made by neurology residency programs and departments due to these requirements. Methods: We surveyed department chairs or residency program directors at 123 ACGME-accredited US adult neurology training programs on programmatic changes and resident expansion, hiring practices, and development of new computer-based resources in direct response to the 2011 ACGME duty hour requirements. Using data from publicly available resources, we estimated respondents' financial cost of adoption. Results: In all, 63 responded (51% response rate); 76% were program directors. The most common changes implemented by programs were adding night float systems (n ¼ 31; 49%) and increasing faculty responsibility (n ¼ 26; 41%). In direct response to the requirements, 21 programs applied to ACGME for 40 additional residents, 29 of which were fully covered by institutional funds. In direct response to the requirements, nearly half of the departments (n ¼ 26) hired individuals for a total of 80 hires (or 64 full-time equivalents), most commonly mid-level practitioners. The total estimated cost to responding departments was US $12.7 million or US $201,000 per department annually. When projecting expenses of planned changes for the following year, costs increased to US $360,000 per department, with 5-year costs exceeding US $1 million. Conclusions: The most recent restriction on resident duty hours comes at substantial cost to neurology departments and residency programs.
Introduction
In 2011, the Accreditation Council on Graduate Medical Education (ACGME) redefined common programmatic duty hour requirements for all residents in training, including neurology (see Table 1 ). 1 This redefinition was in response to the recommendations of the Institute of Medicine, which previously concluded that resident fatigue makes errors more likely to occur and thus compromises patient care. 2 Effective July 1, 2011, these requirements included a refinement of the prior 2003 ACGME duty hour requirements for an 80-hour weekly work limit along with other prior changes.
The national and total programmatic costs of the 2011 requirements while maintaining current patient care productivity have been projected to range from $180 to $980 million, 3 with concern that the total labor costs would be even higher. 4 Anticipated issues related to their implementation include the influence of educational and logistical concerns on department hiring as well as varying financial implications for hospitals and residency programs. 3 Although previous studies estimate the financial burden on hospitals prior to implementation of changes, to the knowledge of the authors, there has been no retrospective evaluation of costs on the hospital or departmental level using primary data.
This study presents a national survey of department chairs and residency program directors of adult neurology training programs, designed to understand changes and costs of those changes at the residency program and department level in response to the most recent ACGME duty hour requirements.
Methods Participants
We surveyed 123 neurology departments in the United States with an ACGME-accredited and active adult neurology residency training program in 2011. 5 Military-based residency programs and programs within United States territories (e.g., Puerto Rico) were excluded. We identified neurology department chairs and residency program directors using publically available resources. 6 Department chairs and program directors were surveyed as they were most likely to have knowledge of department and residency program responses to the new duty hour requirements, departmental hiring, and plans for the development of neurohospitalist training programs. We e-mailed a link to the electronic survey to department chairs, asking that they, their residency program directors, administrators, or other faculty within their department, complete the survey. If no response was received, the electronic survey was sent to residency program directors who were then asked to complete the survey. Reminder e-mails were sent and telephone calls were made to nonrespondents. Responses were collected between March 27 and June 27, 2012. The Johns Hopkins School of Medicine institutional review board approved the study.
Survey Instrument
The survey instrument was designed in collaboration with senior faculty from Johns Hopkins Department of Neurology and School of Public Health. Focus groups with residents and neurology department leadership were held to validate the survey (supplementary appendix). The survey contained 13 questions related to neurology department and residency program changes in direct response to the July 2011 resident duty hour requirements 1 and 10 questions on hospital, department, program, and respondent characteristics (supplementary appendix). The survey was conducted simultaneously with queries regarding neurohospitalist training, the results of which have been published separately. 7 Respondents were asked to choose from a multiple-choice list for many of the questions, some of which could accommodate multiple answers. Several questions utilized either a 4-point scale (never, occasionally, frequently, and always) or a 5-point Likert-type scale. To control for potential asymmetry in knowledge across respondents and to assure the collection of accurate information, we included the option to select ''do not know'' on some questions or opt out of a question altogether. Here we present findings regarding neurology department and residency program responses to the 2011 duty hour requirements.
Cost Estimation
Direct costs to responding neurology departments were estimated using assumptions from publicly available resources and the recent literature, 3, [8] [9] [10] [11] [12] [13] [14] department and program queries of computer-based resource development, department hires, and additional residents in direct response to the 2011 ACGME guidelines within the survey. Reported full-time equivalent (FTE) hires were used to estimate the work capacity for the number of substitute providers in the analysis. Since the number of hires for those departments planning to hire substitute providers was not obtained by survey, projections of planned changes for provider hires were estimated using data on department reports of implemented changes. Department plans to adopt computer-based resources and hire additional residents were taken directly from the survey. Assumptions on costs of hires and additional residents were made using publically available data on wages, stipends and benefits, [8] [9] [10] [11] [12] [13] and prior estimates of the direct cost of residency training. 14 Assumptions on cost of computer resources were derived from the literature. 3 Generally, base case assumptions are median values with the range of sensitivities representing the 25th to 75th percentiles for the lowest and highest case, respectively. Model inputs and outputs are presented in 2012 US dollars. 15
Statistical Analysis
We used the Wilcoxon Mann-Whitney test to examine differences between respondents and nonrespondents in first-year class size as reported by the Fellowship and Residency Electronic Interactive Database Access (FREIDA) system and 2011 estimated metropolitan size from the US Census Bureau. 5 Differences in program type (community based, community-based university affiliated, university affiliated) Duty periods may be scheduled to a maximum of 24 hours of continuous duty in the hospital with the encouragement of strategic napping after 16 hours of continuous duty. To assure effective transitions of patient care, residents are allowed to remain on-site to accomplish tasks related to patient care up to 4 hours after their maximum of 24 hours of continuous duty period. No additional clinical responsibilities may be assigned to a resident after 24 hours of continuous in-house duty. Residents should have 10 hours, but must have 8 hours, free of duty between scheduled duty periods as well as at least 14 hours free of duty between 24 hours of in-house duty. Residents must not be scheduled for more than 6 consecutive nights of night float duty. Residents must be scheduled for in-house call duty no more frequently than every third-night, averaged over a four-week period.
as indicated by FREIDA were assessed using Fisher exact test. Differences between respondents from departments or programs that instituted night float, increased faculty responsibility, and applied for additional residents compared to those that did not were evaluated across self-reported characteristics (postgraduate year 2 [PGY-2] class size, department FTE faculty size, and neurological science bed size) using the Wilcoxon Mann-Whitney test. For questions on program and department responses and frequency of faculty responsibilities, where multiple options could be selected, we used McNemar exact test to determine differences in the marginal frequency of selections. Multipoint scales were dichotomized appropriately for McNemar test. All tests were conducted at the 2-sided significance level of 5% using STATA software, version 12.0 (StataCorp, College Station, Texas).
Results

Respondents
In all, 123 ACGME-accredited neurology departments were surveyed and 63 responded (51% response rate). Responses were received from department chairs (23%), residency program directors (75%), or department administrator for 1 department (supplementary Table 1 ). Within their institutions' primary hospital, 71% of respondents reported 500 patient beds, with a mean of 44 neuroscience beds. In all, 84% (n ¼ 53) of respondents were university affiliated, and the average PGY-2 class size was 5.6 residents (standard deviation ¼ 2.7; median ¼ 5). The most frequently cited sources of funding for residency programs were Medicare (81%) and hospital funding (76%). No difference was detected in the size of metropolitan area (P ¼ .613), residency program type (P ¼ .371), or resident class size (P ¼ .088; mean of 4.6 vs 5.7) for respondents compared to nonrespondents.
Residency Program Changes
Of the 63 responding residency programs, 50 (79%) implemented at least 1 programmatic change in direct response to the new duty hour requirements and an additional 6 programs planned at least 1 change within the next year ( Table 2) ; 34 (54%) programs made more than one change, and of those that have already implemented a change, 19 have plans to make at least 1 additional change.
As seen in Table 2 , the most common direct responses to the new requirements were the introduction of night float (n ¼ 31; 49%) and increased faculty responsibility/coverage (n ¼ 26; 41%). The most frequently planned response was the development of computer-based resources for resident education (n ¼ 12; 19%), which an additional 21% (n ¼ 13) of programs had already implemented. When asked regarding formal training of residents on the provision of sign-out, our study finds over 40% of responding programs do not provide training.
In all, 21 programs reported applying to ACGME within the previous 2 years for an average increase of 2 residents, and another 15 programs planned to apply in the next year for an average of 3 residents. Of those that applied, 17 (81%) programs reported approval of their request, while 2 programs reported that their application was still under consideration. The most common funding source for increases in approved residents trained was from within the institution (n ¼ 16 departments; hospital, department, or school of medicine). Overall, 40 additional residents were approved; 29 were funded solely by institutional funds, 10 through combined institutional and federal funds (eg, Medicare, Medicaid, and Veterans Affairs), and 1 resident by federal funds alone.
Neurology Department Changes
In the past year, 26 departments hired 80 new providers accounting for 64 FTEs in direct response to the new ACGME duty hour requirements. Our respondents indicate these hires represent 33% of all new employees in the previous year (64 of 195 FTEs). The most common hires made or planned for by neurology departments in direct response to the new duty hour requirements were mid-level practitioners (n ¼ 20 departments; 32%; P < .01; Table 2 ). In addition, a variety of activities previously performed by residents are frequently covered by faculty neurologists to assist with adherence to the new duty hour requirements within academic departments (Figure 1 ).
Cost Estimation
Based on residency program and department survey responses to those changes already implemented and assumptions made using publically available resources (Table 3) , the 2011 ACGME guidelines cost responding departments $12.7 million (in 2012 US dollars) or $201 000 per department on average (Table 4 ). An additional analysis that included a projection of planned changes totaled $22.7 million or an average of $360 000 per department.
These costs were largely driven by hiring of mid-level practitioners, costing approximately $64 000 per department or one-third of the estimated costs. The cost of all other new hires combined was, on average, $85 000 per department. Approximately 20% of costs were on additional residents and 4% on computer-based resources.
In sensitivity analysis varying the assumptions across a range of reasonable values, the lowest cost scenario estimated that the requirements cost $151 000 per department, and the highest cost scenario was over $289 000 per department. When accounting for the adoption of changes planned for 
Percent of Respondents (n = 63)
Always Frequently Occasionally Never Figure 1 . Activities previously performed by residents, now performed by faculty neurologists to assist programs with 2011 duty hour requirement adherence. Leading patient family meetings were significantly selected more often than other choices (P < .05). Statistical test for significance was performed with dichotomized results combining ''always'' and ''frequently'' compared to ''occasionally'' and ''never'' using the McNemar 2-tailed exact test. Abbreviations: ACGME, Accreditation Council on Graduate Medical Education; USD, United States Dollars; AAMC, American Association of Medical Colleges; FTE, full-time equivalents. a Projections of planned changes for substitute providers were obtained by multiplying the number of departments planning to hire an individual provider and the average departmental hiring rate among those departments having implemented the change. Plans for computer-based resource deployment and additional residents were taken directly from the survey. b Annual cost of mid-level providers is the average of that for nurse practitioners and physician assistants. c We assume new faculties were hired at the instructor level based on Departmental Salary Statistics Report for all schools and all regions, 2011-2012. d Moonlighting physicians were assumed to earn 1.5 times the annual earnings of an academic neurologist. This is approximately equivalent to 100 per hour over 12-hour shifts working half of a full year. Benefits were not applied to moonlighting physicians. e We assumed 0.80 FTEs for each new employee hired based on survey responses to questions regarding full time equivalents. f The cost of purchasing or developing computerized handover systems was assumed to be that for moderate sized institutions under the base case scenario with sensitivity to costs for small and large institutions. g Number of approved residents includes only those funded solely by institutional funds. Those additional residents funded by federal or external sources and those with combined sources of funding were excluded from the analysis.
by departments, costs were projected to reach between $285 000 and $490 000 per department.
Discussion
Neurology departments across the country have responded to the 2011 ACGME requirements by developing night float systems, investing in computer-based resources for resident education, and transferring work to more expensive labor. The average investment by each department to date likely exceeds $200 000, or the approximate cost of a full-time neurologist, and may approach $400 000 as planned changes are implemented. As the majority of these costs will recur annually (eg, cost of substitute labor and additional residents), total expenses for the average neurology department may reach over $1 million by 5 years.
To date, there have been mixed perceptions across a variety of specialties on the effects of the 2011 ACGME requirements from both residents and program leadership, [16] [17] [18] although few have focused on costs. 3 Previous estimates of the cost to replace PGY-2 and above resident labor for all specialties within a single major teaching hospital as a result of the new duty hour guidelines were more than $600 000 annually. 3 Considering that neurology residents account for approximately 2% to 3% of residents nationally, 19 prior estimates may be low. Based on our findings within neurology departments, costs to a single major teaching hospital may be on the order of $6 to $10 million per year.
One-third of all FTE hires by responding departments have been in direct response to the duty hour requirements at an estimated cost of over $9 million to these departments and hospitals collectively, accounting for nearly 75% of the total costs in our study. These findings suggest an increasing demand for a nonresident workforce that comes at a substantial cost to departments. The most frequently substituted labor by departments was mid-level providers rather than neurohospitalists or other neurologists, consistent with the experience in pediatrics. 20 Mid-level providers have frequently been cited as a means to replace lost resident labor, 20, [21] [22] [23] [24] [25] which may cost hospitals nearly twice that of resident physicians. 8, 10, 11 Although the clinical value of residents compared to midlevel providers remains unknown in neurology, comparisons in emergency medicine and primary care suggest similar clinical value. [26] [27] [28] Our study explores some of the ways that departments and programs employ their new and existing faculty to assist with the loss of resident work, finding that faculties are frequently assisting residents in leading family meetings. This may have unintended consequences on the value of resident education. In addition, patient safety and quality of care, although not captured in this study, may be affected by the 2011 ACGME requirements. Our study focused primarily on changes that result in financial costs to departments and programs and further study may seek to justify these costs by examining the effectiveness (or negative effects) on patient safety, quality of care, and resident education.
The majority of neurology residency funding is through Graduate Medical Education from the Centers for Medicare & Medicaid Services (supplementary Table 1 ); however, according to our survey, many of the neurology programs submitting applications for residency expansion are utilizing hospital funds for additional residency positions. At least 29 of the 40 new resident positions accepted by the ACGME are funded solely through institutional funds (ie, hospital, department, or school of medicine funds). The ACGME requires educational rationale to justify the addition of residents to neurology programs, and, therefore, an increase in the number of positions may not be granted on the basis of service requirements alone. 29 Nonetheless, these findings suggest a willingness to pay on the part of teaching hospitals, apart from federal subsidies, for the clinical value generated by resident physicians, 22, 23 despite increased stress on department resources to further invest in training infrastructure. 19 Our study finds that nearly 60% of departments train residents on sign-out, and 21% have implemented computerized resources for resident education with potentially more programs in the process of developing such measures. However, the costs of these resources are likely low in comparison to new hires and additional residents, which account for the majority of the financial burden of the new requirements.
Limitations
Our survey was limited to departments with adult neurology residency programs that responded. Although prior surveys of neurology residency program directors have reported higher response rates, 30 our true response rate is comparable to that of recent surveys. 31 Response to the survey in itself may introduce some selection bias; however, there were no differences in metropolitan size, resident class size, or program type between respondents and nonrespondents, suggesting that differences expected due to teaching hospital size may be discounted. Recall bias likely played a role in some responses and, therefore, the base case results may under-or overestimate costs. To ameliorate this bias, respondents were offered the option of ''do not know'' to survey questions for which they may have had incomplete information to prevent under-or over-reporting. Reassuringly, only 3 options within 1 question had more than 5% of respondents, indicating they did not know (see Table 2 ). The motivation of the study was to evaluate department and program level changes and costs of these changes resulting from the new requirements, and department leadership was deemed most knowledgeable in this respect within presurvey focus groups; however, respondents included individuals with different positions across departments (ie, chair, program director, and administrator) and, therefore, may limit the reliability of the study.
The financial costs of the ACGME guidelines to departments are likely underestimated by the exclusion of anticipated or planned changes, therefore, we included an analysis to project the costs of departments planning for change with the limitation that these are forecasts of future events. We asked respondents for hires due to the requirements in FTEs to estimate the direct costs of hires replacing labor lost from PGY-2 and above resident neurologists. However, this method of estimation is dependent upon the accuracy of the work capacity of those providers hired. Our cost estimation only accounts for computerized resources for resident education and does not take into consideration the variety of methods used to train neurology residents in sign-out, including resident-to-resident and lecture-based training, which may have additional costs. Despite these limitations, in conducting a lowest cost/highest cost sensitivity analysis varying the values for 10 model assumptions, we find costs continue to be high, ranging from approximately $150 000 to $290 000 per department annually and could reach $400 000 or more if planned changes are enacted. Therefore, our study reasonably estimates the cost of adoption for neurology departments and residency programs of changes in response to the 2011 ACGME resident duty hour requirements using a query-informed financial model to obtain information on mixed provider labor substitution and computer-based resource deployment.
Conclusions
The 2011 ACGME duty hour requirements were implemented to improve resident fatigue and well-being, enhance educational activities, and improve patient care. Neurology residency programs and departments across the country have implemented a variety of programmatic and departmental changes to meet these requirements, including developing computer-based resources, hiring providers, and acquiring additional residents. These changes have been at a significant cost to neurology departments and residency programs and should be balanced with recent pressures on the federal budget and funding of graduate medical education.
